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Off-state stress conditions	


    Ren group: VGS step biased from -5V to beyond the critical 

voltage  (-22V for  125nm gate  length  device)  in  -1  step 
while source and drain were grounded.	
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DC Characteristic before and after stress	



•  Threshold shift (from -3.6V to -3.4V)	


•  Leakage current increases by 3 orders(from 10-8 A to 10-5 A）	
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Channel Noise Measurement Setup	



    Keep Vds=100mV during the measurement. Vgs bias ranges  
from -3.4V to -1V.	
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Channel Noise Of Virgin Device	



•  Lorentzian  observed at 10Hz.	


•  No GR noise component at higher gate bias indicating that 

the GaN buffer trap is in the gated part of the channel.	
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Channel Noise Of Stressed Device	



•  Additional Lorentzian was observed around 3kHz.	


•  Characteristic f varying with VG indicating trap is in the 

AlGaN side at the channel interface.	


•  The bump at 10Hz becomes smooth indicating the increase 

on the overall channel noise level.	
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1/f  Noise Model Of Channel Noise	


•  Carrier number fluctuations	


                                                  	


	


	


•  Hooge mobility fluctuations	
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number  fluctuations  dominate 
on stressed device. 	
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Channel Noise Source Of Stressed Device	



Case I:	
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Channel Noise Source Of Stressed Device	



    Noise information of the channel should be extracted from 
the first two points.	
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Hooge Parameter On Channel	


   At first two point,  	


	


	


    Hooge parameter (αH) changed from ~ 10-3 (virgin device) to 

~ 10-1 (stressed device).	


    Compared with Silicon MOSFET        ranging from 10-3 to 

10-7.	


	


	


	


    Nt for stressed device is about 1021cm-3.eV-1. Typical value 

for Si MOSFET is in the range of 1017~1018cm-3.eV-1	
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Gate Noise Measurement Setup	


Source and drain were grounded.	


Gate biased from -3.5V (threshold) to -1V.	
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Gate Noise Characteristics	



•  Sig increase with IG.	


•  Unstable Lorentzian with different characteristic 

frequencies were observed.	
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Gate Noise Parameter	



•  GNP after stress is around10-13 cm2. (For IG~10-6A) 	



•  Typical value of GNP for Silicon MOSFET is around 
10-16 cm2	
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Conclusions	


•  Degradation happened in both channel and gate stack after 

off-state  stress  beyond  critical  voltage.  (Channel 
degradation was observed for the first time)	



•  Trap in AlGaN close to interface was generated.	


•         increased by two decades from 10-3 to 10-1 indicating 

important degradation inside the channel.	


•  RTS  in  the  gate  noise  was  observed  on  oscilloscope 

indicating unstable defects in the gate stack..	


•  Significant increase on IG shows evidence of degradation 

inside the gate stack. And GNP of stressed AFRL device is 
about 10-13 cm2, comparing to 10-16 cm2 of Si MOSFET.	
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